When elderly people use welfare machines or rehabilitation machines, they lean on the supporter of the machine. Since the user hold the supporter at the same locus to prevent slipping from the supporter, they sometimes feel pains at the contact point. In this paper, we propose a new type of active supporter (Silicon Outer Fence Mold Actuator) which sponge is covered with silicon rubber. Since the stiffness of the active supporter is controlled by pressure in sponge chamber , it is possible to change the contact point of the body. From some experimental results, it is clarified that characteristics of the active supporter are influenced by the sponge layer structure. Furthermore, in order to indicate the effectiveness of the active supporter, we measure heart rate of the subject as an evaluation of the burden degree of the body.
INTRODUCTION
When a person who has a decline in lower extremities uses a transfer machine as welfare machines, he or she usually leans on the supporter at the first time. At this time, the contact points of the body of the user against the supporter in the machine are different point by each body shape. Furthermore, since the body stiffness of the user is different from each other, the user have different feeling to the supporter whose stiffness is constant. Moreover, when the user leans on the supporter for a long time, the user feels pain because of congestion on the contact points between the body and the supporter. This is because that the user holds the supporter at the same locus to prevent slipping from the supporter. At this time, the elderly people can not change the contact points of the body easily. Therefore, in order to restrict the congestion on the contact point, the active supporter which can change the contact points is necessary.
Thus, we investigate the burden degree of the user with respect to the supporter material in order to develop a new type of active supporter. Furthermore, we propose a new type of actuator which was constructed with sponge and silicon rubber (Silicon Outer Fence Mold Actuator). Since the sponge is coated with silicon rubber, the charged air in the sponge chamber is not leaked to atmosphere. Moreover, when the actuator is exploded by some accidents, the user can relieve the influence of the danger. This is because that the sponge has an inherent stiffness. Therefore, the user can be supported with the sponge in the actuator. In this paper, we clear characteristics of the actuator and apply the actuator to an active supporter.
TRANSFER MACHINE 111
A schematic view of the autonomous transfer machine(ATM) is shown in Fig.l . When we use the transfer machine, the contact part between user and the machine is the supporter (E in Fig.1 ). In order to reduce the fatigue of the leaning motion against the supporter, the burden degree of the motion with respect to the posture of the user and the material of the supporter are investigated.
The ATM consists of three mechanical parts, namely an air compressor part, a mobile part, and a lifting part.
The air compressor consists of two elements that are an electrical compressor and a bellows compressor. By making use of the electrical compressor, high pressure air is charged into a main tank. On the other hand, exhausted air from each actuator is compressed again by bellows compressors. The supporter is suspended with pneumatic antagonized bellows actuators. Therefore, it is possible to estimate holding force of the subject. FATIGUE EVALUATION [2] In order to clear burden degree of the leaning motion to the supporter. we clarify the burden of the sitting posture as shown in Fig.2 . This is because that the sitting posture has hardly no influence of burden to the lower limbs.
In the experiments, we measure the heart rate and blood lactate concentration of the subjects. Furthermore, the center of gravity of the subjects is calculated by measurement of position of each locus on the body (as shown in Fig.2 ).
HEART RATE AND CENTER
OF GRAVITY
Since the heart rate has a high correlation with physiological indexes of energy relative metabolic rate, I can use it as one index of the organism burden. Further, the heart rate increases in proportion to body momentum. Therefore_ I measure heart-rate variability as one of burden measurement of the leaning motion to the supporter.
The variation of the heart rate with four subjects are shown in Fig.3 . From experimental results, it is cleared that the average value of the heart rate with the subject A is bigger than the values of the heart rate in bed rest. On the other hand, the tendency of other subject is different from subject A. In order to investigate the tendency of the results, we
show the drifting results of the center of gravity during the measurement time. The results is shown in Fig.4 . From the experimental results, it is cleared that the variation of the center of gravity of subject A is extremely smaller than other subjects. As the results, we consider that the increase of heart rate and the variation of center of gravity are correlative with each other. That is to say, the value of heart rate decreases when the subjects change their posture during the leaning motion.
LACTIC ACID CONCENTRATION
It is considered that the numbness and congestion of arm which contact on the supporter are caused by muscle fatigue which is occurred by accumulation of lactate.
Therefore, we measure the lactic acid concentration at the is equal to the whole body fatigue. Therefore, it is considered that the fatigue which occurs in the leaning motion is fatigue which occurs at the part of body. Table 1 . The experimental result with subject 1 is shown in Fig.6 . Furthermore, the result with subject 2 is shown in Fig.7 . From these results. it is cleared that the value of heart rate of the subject 1, that leans on the supporter whose stiffness is high, is bigger than the heart rate with the supporter whose stiffness is low. On the other hand, with respect to subject 2, the heart rate with the supporter whose stiffness is low is bigger than the heart rate with the supporter whose stiffness is high. As the results, adaptive stiffness value for subjects is different from each other. Therefore, in order to develop an adaptive supporter for any subjects, an active supporter whose stiffness can be controlled is needed. In the next chapter, we propose a new type of actuator which is an element of the active supporter.
SILICON OUTER FENCE MOLD ACTUATOR[3]
In order to develop an active supporter whose inher- ent stiffness is controlled, we apply pneumatic system to the supporter. The structure of the actuator is shown in Fig.8 . The actuator has two materials. One is a silicon rubber and the other is sponge rubber. Furthermore, since the sponge is coated with silicon rubber, air can be charged into the sponge chamber. As the results, it is possible to control the stiffness of the actuator by controlling pressure in the chamber. In Fig.8, (a) is single layer type (Sample A) and (b) is two layers type (Sample B). With respect to each type, the pressurized structure is shown in Fig.8 (a-2), (h-2) . The actuator has sponge layer inside the silicon rubber. Therefore, when the actuator is bursted by some accidents, the sponge material can support the subject by its inherent stiffness.
The relation between output force and pressure is increases. This is because that the shape of sample B expands as the pressure in the chamber increases. In Addition, the experimental result of the actuator whose each layer width is two times than that of sample B is shown in Fig.10(c) . From this result, it is cleared that the stiffness characteristics of the actuator is influenced by the all thickness of the sponge.
Thus, when we use the actuator as an active supporter, it is better to use the actuator whose structure is two layers or more. In addition, it is useful to use the actuator whose structure is one layer in order to control stiffness of the supporter.
BURDEN DEGREE OF THE BODY USING ACTIVE SUPPORTER ESTIMATION METHOD
In this chapter, we investigate the variation of the burden degree of subjects by making use of heart rate measurement. In the experiment, the stiffness of the supporter is changed by controlling the inner pressure.
The heart rate increases in proportion to increase of body momentum. Furthermore, the heart rate changes by subject's posture in rest time. Moreover, since the heart rate is treated as an aim of the cardiac output, we use the heart rate as an index of physiology.
BURDEN DEGREE MEASUREMENT
We use an experimental set up as shown in Fig.11 to measure the heart rate of a subject who leans on the active supporter for 12 minutes. At this time, the initial pressure in the active supporter is 5 kPa and pressure variation patterns in the supporter are two types. That is to say, one is pressure constant type (5 kPa) and the other is pressure change type. With respect to the pressure change type, the pressure changes into 20 kPa from 5 kPa (initial pressure) when the subject feels pain in leaning motion. These results are shown in Fig. 12(a),(b) .
When the chamber pressure is constant, the variation width of the heart rate increases after about 12 minutes.
At this time, each subject feels pain in the motion. Therefore, in the case of the pressure change type, the chamber pressure changes at about 12 minutes point (initial pressure: 5 kPa, changed pressure: 20 kPa). From experimental results, it is clarified that the variation width of the heart rate is restricted after 12 minutes point. As the result, we consider that it is useful to use the active supporter to reduce the burden degree of the body in the leaning motion.
CONCLUSIONS
In this paper, we investigated the burden degree of the leaning motion in order to develop a supporter with human compatibility. From some experimental results, it was cleared that the value of heart rate decreases as the displacement of the center of gravity increases. Furthermore, the fatigue which occurs in the leaning motion is not fatigue of whole body. With respect to the materials of the supporter, adaptive stiffness for each person was different from each other. Therefore, in order to develop an active supporter, the silicon outer fence mold actuator was 
